Thus in the course of scientific history, spin arose as an essential part of particle nature in a very brief period in the 1920's. Our modern view has gone well beyond the understanding of atoms. At the high energies now available, we have investigated the nuclei, then the nucleon, and today, quarks and vector bosons which mediate the forces. Unification of electromagnetism and the weak forces is completed. We have nearly completed filling in the three generations of quarks and leptons. Only the top quark and the tau neutrino lack direct experimental observation. The recent results from LEP experiments show that 2' decays contain three (and no more) light neutrinos, thus indirectly confirming the existence of tau neutrino [5] . Our picture today is one of spin l/2 fermions constituting all of the known matter, and five vector bosons which mediate the forces between them: It has been conjectured that the existence of three families and twelve spin l/2 objects are too many to be fundamental. There should be a simpler and deeper level which leads naturally to answers to these questions. From questions such as these, there arises the interest in searches for a composite structure within these fundamental objects. Of the twelve fundamental fermions we know about, the electron and the muon hold special ,importance.
Only the electron and the muon can be placed into experimental "bottles."
The quarks are apparently confined. They can never be isolated. The neutrinos are uncharged, so they cannot be contained, and the tau lepton decays very rapidly. Only the e and the ~1 permit us to study elemental matter at the fundamental fermion level as we understand it today.
Composite structure of a fermion should, in principle, show up as an anomalous magnetic moment. In an object which has its spin aligned, any constituent which sits at a finite radius would circulate about the center, creating circulating currents, and inducing an anomalous magnetic moment as a result. The electron exhibits an anomalous magnetic moment due to the cloud of virtual e+e-pairs in its vicinity.
The heroic calculations of Kinoshita [6] determine the contribution of the "conventional processes" with high precision, allowing us to look at the electron more closely for non-QED contributions to its magnetic moment.
Brodsky and Drell [7] analyzed a model of an electron that is composite, consisting of a charged fermion and a neutral boson. They argue that in a simple model, the contribution to the anomalous magnetic moment &r scales as me/m* E meRe. Existing high energy data place Re < lo-l6 cm, while the precise (g -2)e place Re < 2 x 10s21 cm.
The effective mass m* corresponds to 1000 TeV! An extremely precise experimental and theoretical result at low energies can place very high energy constraints on our ideas. Such limits are extremely pessimistic to a believer in constituents of the quarks and leptons.
Avoidance of this extreme conclusion is suggested by Brodsky and Drell if chiral invariant couplings are incorporated into the model. In such cases, the linear dependence on mass is removed, leaving quadratic terms 6a = (me/m*)2.
The corresponding limit on m* is x 1 TeV. This is a more palatable conclusion, and is the one quoted today in comparison of the theoretical and experimental (g -2)e results. Any successful theory of compositeness of the fundamental fermions must deal with the near vanishing of both &Y and 6m.
Although the electron g-2 situation is most impressive, the muon g-2 data offers the possibility for significant further understanding. Lath discussed a new result, the magnetic moment of the z+. By the TPC theorem, the result should be equal in magnitude, opposite in sign, to that of the Z-. The preliminary result, +0.67 f .022 f .018, is in good agreement with the magnetic moment of the --= 7 -.0651 f .005. The status of quark model predictions of magnetic moments was also described. No clear simple model of magnetic moments accounts for the 20-30% deviations from static quark model expectations. Nevertheless, the simple picture of assigning magnetic moments to the valence quarks fully accounts for signs, and mostly accounts for the magnitudes of the moments. Thus, the simple picture apparently contains considerable validity.
Future progress with charmed hyperons can occur. Interest in using bent crystals to precess short-lived baryons like the A,, C,, or Z:c exists. These ideas hold the possibility that future experiments may add more insights.
Transverse Polarization of the Hyperons at High pl
At high energies, hyperons produced at high pl can be significantly polarized transversely to the production plane. Polarization in the plane is ruled out by parity conservation, but allowed if transverse to the plane. In a large number of processes, this polarization is large (20-3OY) o and of a sign determined by the hyperon's SU (6) wave function and the rule that the s-quark is negatively polarized. Heller showed a broad range of data which exhibit this behavior, and described a set of rules (in lieu of a theory, since none exists) which explain the observations. These rules, briefly summarized, assume that one or two valence quarks in the produced hyperon come from the incoming proton. An s-quark is pulled out of the sea to form the hyperon, and it is negatively polarized. Given the SU (6) wave function for the hyperon, the sign of the hyperon polarization is determined. In this picture, the R-pulls all s-quarks from the target sea, and lacking any information on the production plane, must therefore be unpolarized. Likewise, antihyperons are expected to exhibit no polarization. Experimental measurements
show that the polarization of the W and the A" are indeed small.
The surprising results shown at this symposium concern the ?. Clear evidence of nonzero polarization (10%) appears to upset the picture and rules described by Heller.
Clearly some time, perhaps more data, and some thinking are needed. Since the rules represent no theory, no one is terribly concerned, but hyperons continue to provide us with interesting and puzzling behavior.
High pl Hadron Scattering
Krisch presented two pieces of data on proton-proton elastic scattering at high pi.
The first set of data concern a double spin (beam and target) experiment from the ZGS, for pi values out to 2 GeV/c. He showed Serpukhov data on inclusive R' production for 40 GeV/c 7~ beams on polarized proton and deuterium targets. In both cases, substantial nonzero asymmetries occur at high pl. As in the case of elastic pp scattering, the inclusive hadron data show strong transverse asymmetries at high pl. 
Nucleon Spin Structure
In the last few years, rapid progress has been made in the understanding of the role spin plays in the proton. The situation is not yet fully clear, but many aspects have been discussed at this meeting, and there appears general agreement on several important issues. Progress has been stimulated primarily from the CERN EMC experiment [8] , which provides sufficient data at low z to evaluate an important integral, Ji g;dz.
The EMC data in the vicinity of x = 0.1 and below fall substantially below the curve.
Using these data, the integral Ji g!dx has been evaluated, and surprisingly fails to satisfy the Ellis-Jaffe sum rule, achieving only about 2/3 of the expected amount. The shortfall appears to be due to the low x data, where only the EMC experiment has reported results. Where the EMC data overlap with other measurements, the agreement is excellent. Assuming these data are correct, interpretations have been made.
attention.
At this meeting, Rollnik and Efremov discussed aspects of on-going work relating to this issue; Dorokhov discussed possible contributions to Jgldx from instanton effects. It has been shown that large gluonic spin can suppress the flavor singlet axial current matrix element, thus possibly explaining the low value for Au + Ad + As. These arguments are somewhat controversial and rather technical. They should be left to the experts to resolve. It appears that even with the uncertainties associated with gluonic contributions, the net quark spin is small, and mechanisms for carrying net spin, such as ' gluons and orbital motion of constituents, must be invoked.
Brodsky, Ellis, and Karliner obtained a nonzero and negative strange quark polarization inside a polarized proton. It should be noted that the strange quarks appear to play an important role in the violation of the Ellis-Jaffe sum rule, which explicitly assumed that the strange quark contribution would be zero. Given this picture, the Ellis-Jaffe sum rule for the neutron will show violations as well (as it must if the Bjorken sum rule is preserved).
Rith described the future experiments in spin-dependent structure functions. The spin structure data are interesting and important in their own right, but for future experiments, these data are extremely important for designing the future spin experiments at high energies in hadron facilities.
IV. SPIN, THE EXPERIMENTAL TOOL
In this part, I summarize the very broad subject of technology of spin. This section includes accelerator facilities utilizing polarized beams; the workshops covering polarimeters, targets, and sources; and Siberian snakes. The Workshops have been summarized for us, so I will only add a few comments on the highlights.
We heard of two significant firsts for e+e-circular rings. . Nagoya, Japan in 1992 promises to be an exciting one as well.
Spin remains a fundamental property of matter, and in many respects a deep mystery. These symposia celebrate the many manifestations of spin and carry forth the message that spin is a very important part of experiment and theory. We look forward to the unravelling of these mysteries, and the challenging steps required to accomplish a better and deeper understanding of our universe.
